Abstract. We study axial heat and mass transfer in a highly diffusive tubular chemical reactor in which a simple reaction is occurring. Singular perturbation techniques are used to derive approximate equations governing the situation. Attention is then focused on the bifurcation of oscillatory states from steady operating characteristics. By means of numerical calculations and phase plane illustrations we follow the bifurcated periodic solution branches along their complete lengths.
1. Introduction. The mathematical problem of axial heat and mass transfer in a chemical tubular reactor in which a simple reaction is occurring is described by a set of nonlinear parabolic partial differential equations which in dimensionless form can be written as (see Hlavacek and Hofmann [4] ) T (1/P)Tx T fl(T-T) + DBf(T, C), C (1/n)Cx C + Df(T, C),
Tx(O, t) P T(O, t) O, Cx(O, t) PC(O, t) O, (1.1)
T(I, t) 0, C(1, t) 0,
T(x, O)
c(x, o) (x). The nonlinearity f(T, C), the rate function, is given by f(T, C) (1 C) e w/t +r).
T, P, fl, D and e are nonnegative constants. C is the conversion or product concentration of a chemical whose temperature is T.
For the case fl 0 (the adiabatic reactor) the investigation of the timedependent solutions of (1.1) reduces to a study of 
(I/P)T" T' D(B T) e T/( +ew) O, (1.2) T'(O) PT(O) O, T'(1) 0,
where the concentration C is given by T/B. The questions of multiplicity and stability for (1.2) were studied by Cohen [1] . For > 0 (the nonadiabatic reactor) the problem (1.1) has been investigated numerically by McGowin and Perlmutter [7] , Hlavacek and Hofmann [4] , [5] , and Hlavacek, Hofmann and Kubicek [6] . For various values of the parameters T, P, fl, D and e the existence of one, three and five steady states and the existence of oscillatory solutions are reported. Due to the large number of parameters and the great variation in their possible numerical values, an exhaustive treatment of the problem has yet to be given. One of the results of the present paper will be that for 0 < P << 1 and any allowed values of the other parameters we shall account for all possible phenomena which can occur in (1.1).
Our investigation of the problem (1.1) will be for the case 0 < P << 1 which means physically that the diffusion coefficients are large. By the formttl methods of singular perturbation theory we shall show in 2 that (1.1) can be reduced to the study of the following far more tractable set of nonlinear ordinary differential equations" dx
Here x is the dimensionless temperature, and x 2 is the dimensionless concentration. These equations (1.3) are precisely the equations governing the enthalpy and mass balance for a single exothermic reaction occurring in a continuous stirred tank reactor [3] . In the chemical engineering literature the correspondence between (1.1) and (1.3) has been established in the limit as the Peclet number P 0 by a technique called lumping (see Hlavacek and Hofmann [4] and McGowin and Perlmutter [7] and their references). We show that ( Assume that 0 < P << 1. We now construct the asymptotic expansions of the solutions of (1.1) as P 0. In this case we find by the techniques of singular perturbation theory [2] that there is an initial boundary layer of thickness O(P) near 0 for all x in 0 =< x =< 1. Away from this boundary layer the form of the asymptotic expansion (the outer solution) is given by We now obtain the appropriate initial conditions for x(t) and Xz(t by a matching procedure with the asymptotic form in the initial boundary layer. Set r, t/P, and let T(x, t) T(x, Pz) (x, z), C(x, t) C(x, Pz) =-(x, z). 
Therefore, subtracting the part of the expansion common to both inner and outer expansions [2] we obtain the following asymptotic expansions as P 0 of the solution of (1. 0) comes from a periodicity condition in the proof of Theorem 3.1 as in [8] or [9] . More explicitly, 6'(0) and q'(0) satisfy
as.
#=0
By solving this sytem of equations one can show that [11] show that the branch of periodic solutions is continued as in Fig. 2 Fig. 7 at D= D*.
